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^Because  of  the  many  possible  permutations  in  describing,  the  visu.il 
environment,  a prediction  of  the  resolution  tasks  that  may  confront  the 
user  in  the  field  is  impractical . However,  any  complex  stimulus  cajt  be 
described  in  terms  of  its  Fourier  components  (viz.  sinusoids),  iherefore, 
by  examining  the  visual  resolution  of  spatial  sine-wave  gratings  the 
necessary  elementary  information  for  generalization  to  any  stimulus  con- 
figuration can  be  obtained. 

In  the  field,  the  observer  will  be  adapted  to  the  chromaticity  and 
luuinance  of  the  optical  image  intensifier  for  ait  indefinite  period  ot 
time  preceding  its  unexpected  failure.  The  visual  recovery  time  is  in- 
dependent of  the  duration  of  exposure  to  the  adaptation  source  when  it 
is  longer  than  sixne  critical  time./lkFor  the  purposes  of  the  proposed 
study,  it  woulil  be  most  efficient  T®  use  the  shortest  adaptation  time 
possible.  But,  the  exposure  time  should  be  long  enough  to  produce  adapta- 
tion conditions  genera lizable  to  indeCtinitely  long  exposure  durations. 

The  purpose  of  the  first  set  of  experiments  is  to  determine  the  shortest 
adaptation  time  which  may  be  used,  'litis  will  be  acconplished  by  measuring, 
classical  dark  adaptation  curves  fo lltwing  pre-adaptation  to  different 
durations  of  the  curves  following  pre- adaptation  to  different  durations 
of  the  conditions  simulating  the  AN/PVS-5  optical  image  intensifier. 

Following  t lie  determination  of  the  critical  durations,  the  contrast 
thresholds  for  different  spatial  frequencies  will  be  measured  during  the 
period  of  recovery  from  adaptation  to  the  simulation  of  the  optical 
image  intensifiers.  'Die  results  of  these  experiments  will  provide 
definitive  information  about  the  visual  resolution  capabilities  of  an 
observer  during  recovery  from  light  adaptation  lor  different  viewing, 
conditions.  Since  sine-wave  gratings  will  be  used,  the  data  may  be 
general izable , by  way  of  Fourier  analysis,  to  any  stimulus  pattern. 
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Optical  Image  Intensifiers  serve  to  aid  night  vision  by  amplifying 
the  amjunt  of  light  reaching  the  retina.  A failure  of  this  device 
leaves  the  observer  visual ly  handicapped  for  a period  of  time  equal  to 
the  time  that  it  takes  the  visual  system  to  adapt  to  the  darkened  condi- 
tions. Inport ant  information,  which  is  not  new  available,  is  a quant i- 
tative  estimate  of  the  degree  tuid  time  course  of  visual  performance 
impairment  in  the  event  of  a night  vision  aid  failure. 

Because  of  the  many  possible  permutations  in  describing  the  visual 
environment , a prediction  of  the  resolution  tasks  that  may  confront  the 
user  in  the  field  is  impractical.  However,  any  complex  stimulus  can  he 
described  in  terms  of  its  Fourier  components  (viz.  aim  so ids)  Theretore, 
by  examining  the  visual  resolution  of  spatial  sine-wave  gi'at  ings  the 
necessary  elementary  information  for  generalization  to  any  stimulus  con- 
figuration can  be  obtained. 

In  tlie  field,  the  observer  will  be  adapted  to  the  chromat  icily  and 
luminance  of  the  optical  image  intensifier  for  an  indefinite  period  ol 
time  preceding  its  unexpected  failure.  Hie  visual  recovery  time  is 
independent  of  the  duration  of  exposure  to  the  adaptation  source  when 
it  is  longer  than  some  critical  time.  For  the  purposes  of  the  proposed 
study,  it  would  be  most  efficient  to  vise  the  shortest  adaptation  time 
possible.  But,  the  exposure  time  should  be  long  enough  to  produce 
adaptation  conditions  generalizable  to  indefinitely  long  exposure  dura- 
tions. The  purpose  of  the  first  set  of  experiment s is  to  determine  the 
shortest  adaptation  tint1  which  may  he  used.  Hi  is  will  be  accomplished 
hv  measuring  classical  dark  adapt at  ion  curves  following  pre-adaptation 
to  different  durations  of  the  curves  following  p re -adapt at  ion  to  diller- 
ent  durations  of  the  conditions  simulating  the  AN-l’VS-5  optical  i image 
intensifier. 

Following  the  determination  of  the  critical  durations,  the  contrast 
thresholds  for  different  spatial  frequencies  will  be  measured  during  the 
period  of  recovery  front  adaptation  to  the  simulation  of  t He  optical 
image  intensifiers.  The  results  of  these  experiments  will  provide 
definitive  information  about  the  visual  resolution  capabilities  of  an 
observer  during  recovery  from  light  adaptation  for  different  viewing 
conditions.  Since  sine-wave  gratings  will  be  used,  the  data  may  he 
generalizable,  by  way  of  Fourier  analysis,  to  any  s' i mm  Ins  pat  tent. 
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INTRODUCTION 


Historically  major  military  operations  have  been  conducted  during 
periods  of  adequate  illumination,  e.g.  daytime.  This  is  because  it  is 
through  vision,  man’s  principle  sensory  modality,  that  he  gathers  infor- 
mation from  the  external  world  in  order  to  function  effectively. 

Recently,  though,  military  experiences  and  modem  tactical  consider- 
ations have  placed  enpliasis  on  sustained  operations  with  future  military 
deployment.  These  sustained  operations  require  continuous  activity  by 
military  personnel  extending  well  into  conditions  (periods)  of  darkness 
Performance  during  this  period  of  reduced  illumination  have  placed  new 
physiological  and  perceptual  demands  on  the  human  side  of  the  man-machine 
system.  Some  military  tasks  during  reduced  illumination  demand  more 
visual  information  than  the  scotopic  system  (night-time  vision)  of  the 
visuial  system  can  provide. 

Man  is  equipped  with  a visual  system  with  a dynamic  range  in  response 
to  light  which  surpasses  any  other  known  photodetection  system.  To  achiev 
this  sensitivity  range  some  physiological  compromises  had  to  be  made  part i 
ularly,  at  lower  light  leveLs.  Eventhough,  scotopic  (night-vision)  sensi- 
tivity extends  down  to  the  detection  of  a few  photons,  spatial  resoluit  ion, 
color  information  and  temporal  processing  are  severely  reduced.  This  re- 
stricts the  capability  of  the  observer  to  effectively  perform  his  military 
duty  during  periods  of  reduced  illumination. 

Major  teelmological  advances  in  light  amplification  liave  been  nude 
during  the  last  10  years.  In  particular,  the  development  of  the  AN/TVS- 3 
night  vision  goggle  by  the  U.S.  Army  Night  Vision  Laboratory  has  been 
offered  as  an  effective  interim  solution  to  allow  U.S.  Army  aviators  to 
perform  military  duties  during  periods  of  reduiced  illumination. 

Optical  image  intensifiers  (eg.  AN-PVS-5)  serve  to  aid  night  vision 
by  amplifying  the  amount  of  light  reaching  the  retina.  The  result  is  an 
improvement  of  the  spatial  resolving  capabilities  of  the  observer  employ- 
ing such  a device  (Meeteren  and  Boogaard,  1973).  However,  since  image 
intensifiers  operate  by  increasing  the  mean  retinal  illuminance,  they 
also  serve  to  increase  the  adaptation  level  of  the  operator's  visuial 
system.  If  the  device  suddenly  fails,  as  they  occasionally  do  without 
warning  or  if  removal  of  the  goggle  is  needed,  the  operator  will  suddenly 
find  himself  visually  impaired  because  of  his  elevated  adaptation  level. 
The  time  to  full  recovery  of  dark-adapted  vision  may  vary  from  one  to 
three  minutes,  depending  upon  the  mean  luminance  preceeding  the  device 
failure  (Wiley,  personal  commnicat ion) . The  critical  question  is  what 
is  the  visual  capability  of  the  operator  at:  different  times  during  re- 
covery from  image  intensifier  adaptation? 

Visual  capability  is  best  described  as  spatial  resoluit  ion  contrast 
thresholds.  In  other  words,  for  a given  image  size,  how  much  contrast 
is  required  to  resolve  it  from  the  background?  In  the  natural  world, 
image  size  and  contrast  are  not  the  only  parameters,  the  gradient  ot 
the  contrast  change  must  also  be  considered. 

All  of  the  necessary  parameters  for  describing  and  predicting 
spatial  resolution  are  embodied  in  the  Visuial  Modulation  Transfer 
Function  (VWTF)  (Campbell  and  Green,  1965).  The  VMTF  is  simply  the 
spatial  sine-wave  contrast  sensitivity  function,  or  theoretically, 
the  Fourier  transform  of  the  convolution  of  the  optical  spread  func- 
tion with  the  retina-brain  spread  function  (Canpbell,  1968)  By 
employing  the  Fourier  transform  of  any  image  and  using  the  VM1T , a 
prediction  can  he  mule  of  the  likelihood  of  the  operator's  ability  to 
resolve  the  particular  image. 
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The  VMl’F  is  known  to  change  with  mean  invige  luminance  level  (Ness 
and  Bouman,  1967),  and  therefore,  it  is  anticipated  that  it  will  also 
fie  dependent  on  adaptation  level.  The  specific  experimental  question 
which  mist  be  asked  is,  wliat  is  the  shape  of  the  spatial  sine-wave 
contrast  sensitivity  function  as  different  adaptation  levels?  These 
(.lata  will  provide  the  basic  information  needed  to  describe  the  re- 
solving capabilities  of  mi  observer  during  the  recovery  of  dark 
adaptation  after  the  failure  of  an  optical  image  intensifier.  By 
examining  the  acceleration  of  contrast  threshold  versus  adaptation  time 
curves  for  different  spatial  frequencies,  some  statement  can  be  made 
about  which  aspects  of  visual  resolution  recover  the  fastest  and  which 
recover  the  slowest. 

Optical  image  intensifiers  are  an  important  aid  to  night  vision; 
however,  they  operate  at  the  expense  of  the  user's  adapt a" Ion  level. 

A failure  of  the  device  will  leave  the  user  visually  Kindi capped  for 
a period  of  time  during  which  his  visual  system  adapts  to  the  darkened 
conditions.  Important  information,  which  is  not  now  available,  is  a 
quantitative  estimate  of  the  degree  mid  time  course  of  visual  perfor- 
mance impairment  in  the  event  of  a night  vision  aid  failure. 

Because  of  the  many  possible  permutations  in  describing  the  visual 
environment,  a prediction  of  the  resolution  tasks  that  may  confront  the 
user  in  the  field  is  impractical.  However,  any  complex  stimulus  can  be 
described  in  terms  of  its  Fourier  components  (viz.  sinusoids).  'Hie  re  fore*, 
by  examining  the  visual  resolution  of  spatial  sine-wave  gratings  the 
necessary  elementary  information  for  generalization  to  any  stimulus 
configuration  can  be  obtained. 

In  the  field,  the  observer  will  be  adapted  to  the  chromaLicity  and 
Luminance  of  the  optical  image  intensifier  for  mi  indefinite  period  of 
time  preceeding  its  unexpected  failure.  The  visual  recovery  time  is 
independent  of  the  duration  of  exposure  to  the  adaptation  source  when 
it  is  longer  than  some  critical  time. 

For  the  purposes  of  the  proposed  study,  it  would  be  most  efficient 
to  use  the  shortest  adaptation  time  possible.  But,  the  exposure  time 
should  be  long  enough  to  produce  adaptation  conditions  generalizable 
(o  indefinitely  long  exposure  durations.  The  purpose  of  the  first  set 
of  experiments  is  to  determine  the  shortest  adaptation  time  which  may 
be  used.  This  will  be  accomplished  by  measuring  classical  dirk  adapt a- 
tion  curves  following  preadaptation  to  different  durations  of  the  con- 
ditions simulating  the  AN/PVS-5  optical  invige  intensifier. 

Following  the  determination  of  the  critical  durations,  the  contrast 
thresholds  for  different  spatial  frequencies  will  be  measured  during  the 
period  of  recovery  from  adaptation  to  the  simulation  of  the  optical  invige 
intensifiers.  The  results  of  these  experiments  trill  provide  definitive 
information  about  the  visual  resolution  capabilities  of  an  observer 
during  recovery  from  light  adaptation  for  different  viewing  conditions. 
Since  sine-wave  gratings  will  be  used,  the  data  may  be  generalizable, 
by  way  of  Fourier  analysis,  to  any  stimulus  pattern. 

It  is  the  PURPOSE  OF  THIS  PROJECT  to  examine  the  acceleration  of 
contrast  threshold  versus  adaptation  time  curves  for  different  spatial 
frequencies.  Uhls  shedding  some  light  as  to  which  aspects  of  visual 
resolution  recover  the  fastest  and  which  recover  the  slowest. 
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Hu1  Development  of  the  Night  Vision  Goggle  (AN/PVS-5)  is  .in  ex- 
cellent light  anplifioation  device,  although  it  has  brought  with  it 
several  problems  for  the  individual  user.  Sank?  of  these  problems  have 
been  tlu?  subject  of  investigation  for  the  past  several  years  by  visual 
scientists  (mainly  tit  the  U.S.  Army  Aeromedical  Research  Lab)  and  their 
results  are  suiimr  i zed  below:  Wiley  and  Holly  (197b)  report  that  a com- 
parison of  system  vs.  unaided  normal  vision  indicated  that : (1)  under 
equivalent  illuminance  levels  of  under  3%  and  257„  nixm  (1.2  x 10"4  ft-L 
and  b.O  x 10-'*  ft-L)  performance  with  the  man -night  vision  goggle  system 
was  superior  to  that  of  the  unaided  vision,  (2)  under  full  noon  equivalent 
illuminance  levels  (2.4  x 10_3  ft-L)  unaided  vision  was  superior  in 
performance  at  high  spatial  frequencies  (spatial  frequency  used  varied 
from  0.1  to  10  cycles/degree)  but  slightly  poorer  than  the  man-goggle 
system  at  low  frequencies  (lower  than  8 eye les/ degree ) , (3)  under 
viewing  distances  of  less  than  500  feet,  depth  discrimination  with  the 
man-goggle  system  is  equivalent  to  the  unaided  photopic  vision;  (4)  under 
viewing  distances  greater  than  300  feet,  depth  discrimination  with  unaided 
photopic  vision  is  superior  to  tliat  of  the  man-goggle  system;  (5)  the 
stereopsis  threshold  (using  a mxiified  Hcward-Dolman  apparatus)  with  the 
nun-goggle  system  was  inferior  to  that  of  the  unaideo  binocular  vision 
showing  a degradation  of  stereopsis  using  the  night  vision  goggle 

The  AN/PVS-5  night  vision  goggles  operates  by  increasing  the  mean 
retinal  illuminance  and  thus  increases  the  adaptation  level  of  the  user's 
visual  system.  If  the  device  suddenly  fails  as  they  occasionally  do, 
without  prior  warning,  or  if  a pilot  needs  to  renuve  the  night  vision 
goggle,  he  will  find  himself  visually  impaired  because  of  his  elevated 
adaptation  level.  Glick  et_  al  (1974)  in  a preliminary  report  on  the 
dark  adaptation  changes  associated  with  the  use  of  the  AN/PVS-5  night 
vision  goggle  state  that  the  average  recovery  time  that  is,  t ink.'  to 
return  to  a fully  dark-adapted  level  was  two  minutes  with  a range  of 
1.5  to  3 minutes  after  a five  minute  pre-adaptation  of  an  equivalent 
goggle  luminance  level  of  4 ftL,  and  equivalent  chroma  icity  level. 

Hiis  relatively  rapid  recovery  to  the  fully  dark-adapted  level  (2  min- 
utes instead  of  the  normally  expected  twenty  minutes)  is  attributed  to 
the  ehromat  icity  eonponent  of  the  preadaption  source  (e.g. , the  green 
phosphor  used  in  the  AN/PVS-5  night  vision  goggle).  'Hie  level  of  dark 
adaptation  depends  upon  both  the  intensity  and  wavelength  of  the  pre- 
adaptation source.  Thus,  although  the  AN/PVS-5  Night  Vision  goggle  does 
not  fully  degrade  dark  adaptation , it  inposes  a visual  inpairment  on 
the  operator  for  a duration  of  2 minutes  should  it  he  necessary  to 
remove  the  goggle  or  should  the  goggle  fail.  It  should  he  pointed  out 
here  that  these  results  <n*e  restricted  to  the  ehromat  icit  y output  of 
the  AN/PVS-5  goggle  cind  are  not  genera livable  to  the  development  of 
other  image  intensifiers  with  a different  chrcmaticity  output  since  the 
dark  adaptation  level  is  function  of  wavelength  of  the  source. 

'Die  phosphor  used  in  the  AN/PVS-5  night  vision  goggle  lias  a rela- 
tively narrow  band  out  pul  around  the  green  region  of  the  visual  spectrum. 
For  this  reason,  the  pilot  wearing  the  goggle  will  be  light -adapted  to 
the  ehromatieity  output  of  the  goggle  <ind  therefore  his  color  vision  will 
be  altered.  Glick  and  Wiley  (1975)  conpared  the  performance  of  the  man- 


3 


I 

I 


night  goggle  system  vs.  unaided  vision  with  a monoehromat ie  red  air- 
craft light  on  a standard  1-50,000,  transverse  mercator  projection  map 
and  a black  background  nkip  (Experiment al  map,  by  the  Defense  Mapping 
Agency  Topographic  Center)  designed  to  overcome  the  loss  of  color  infor- 
nkit  ivxa . Their  results  indicated  that  (1)  the  black  background  nup  does 
prevent  the  loss  of  infonnat ion  when  the  night-vision  goggle  (NVG)  is 
used  and  when  the  nup  is  viewed  with  the  unaided  eye  under  nonochrunut ic 
red  aircraft  map  light.  This  comparison  emphasized  the  inportanee  of 
available  contrast  when  the  NVG  is  used.  The  more  contrast  with  the 
background,  the  better  the  aviator’s  performance  would  be. 

Sanders  et  al  (1975)  evaluated  the  flight  performance  of  pilots 
during  NOE  (nap-of-the-earth)  flight  (without  riavigat ion) , low  level 
flight  and  four  standard  maneuvers  using  three  configurations  of  the 
NVC’s  (AO-1  fie ld-of- view,  60°  and  40°  field  of  view  with  a 307..  bifocal 
cut)  and  the  dark-adapted  unaided  eye.  Their  results  showed  that  (1) 
the  40°  goggles  were  associated  with  smoother,  more  gradual  control 
movements  than  the  60°  goggles  and  the  NVC’s  were  associated  with 
slightly  lower  flight  altitudes  during  the  NOE  flight  segment  , (2)  the 
40°  and  40°  with  a 30%  bifocal  cut  were  also  associated  with  a lower 
mean  altitude  relative  to  the  unaided  eye  during  low  level  flight 
This  was  not  true  for  the  60°  goggle  and  (3)  the  40°  goggle  was  favored 
over  the  60°  goggle  because  of  the  higher  resolution  angle  during  the 
standard  maneuvers.  Sanders  et  al  (1975)  concluded  that,  in  some  instan- 
ces, the  NVC’s  c.ui  equip  the  pilot  with  increased  staving  power  when 
flying  in  intermittent  light  sources  due  to  their  light  compensatory 
capabilities.  The  unaided  eye  under  the  sane  conditions  would  he  ad- 
versely affected  because  of  dark  adaptation. 

Lees  et  al  (1976)  compared  aviator  performance  for  terrain  t light 
during  Lew  I .eve  1 (11.)  and  Nap  of  the  Earth  (NOE)  profiles  under  (1) 
day  flight  with  the  unaided  eye;  (2)  night  flight  with  the  unaided 
eye  mid  (3)  night  flight  using  NVO’s.  They  demonstrated  tlut  for  11. 
flights,  the  major  factors  t hit  discriminated  day  flights  from  either 
night  flights  or  NVG’s  flights  were  airspeed  related  variables  and  the 
frequency  of  snrnl 1 corrective  control  inputs . It  was  noted  that  NVG's 
flights  resemble  day  flight  more  t liun  the  unaided  eye  night  flight 
The  , mu  lysis  of  the  NOE  flights  demons t rated  that  performance  factors 
measuring  severity  of  roll  angles,  and  the  frequency  and  nugnitude  ot 
control  input,  discriminated  best  among  the  three  visual  conditions. 

METHODS 

After  pre-adaptat  ion  to  a stimulus  of  a given  hminance  and  chnmi- 
tieity,  it  is  desirable  to  knew  the  amount  of  contrast  required  to 
resolve  a spat ial  sine-wave  grat ing  of  variable  frequency  and  average 
luminance  as  a function  of  post -adapt at  ion  time  This  question  is 
raised  for  (1)  natural  free  fixation  and  peripheral  viewing  conditions 
at  optical  infinity  ami  (2)  fovea  1 fixation  conditions  at  near.  Stated 
in  terms  of  the  application  of  this  knowledge,  we  anticipate  s heckling 

some  light  as  to  the  time  it  will  t .ike  ;m  individual  to  resolve  a tar- 
get with  a given  angular  subtense,  hminance  <md  contrast,  following  a 
pre-adaptat  ion  to  a background  of  a given  1 uni  nance  and  ohmnat  ieit  y 
conparable  to  the  output  id  an  optical  image  intensifier.  This  applied 
knowledge  may  be  gained  by  performing  a Fourier  transform  ol  t he  target 
of  interest  by  constructing  a table  of  the  contrast  threshold  for  each 
Fourier  conponent  . 


4 


A)  Appurat us 

The  experimental  design  for  the  presentation  of  sine-wave  grating 
target  is  illustrated  in  figure  1.  The  test  target  for  the  contrast 
threshold  experiments  is  a sine-wave  grating  generated  on  a photo- 
graphic film  (Kodak  projector  # AF2  with  ABC  conversion  by  Buhl  so 
uniform  field  is  achieved) . A modified  projector  is  used  as  the  light 
source  (P,).  Light  form  P,  is  collected  by  a lens  (L, ) which  focuses 
the  beam  of  light  on  a Stop  (S ,) . Light  from  is  collected  and 
col  invited  by  a second  lens  (ll7J.  A rotary  neutral  density  filter  (W^) 
is  placed  at  the  coliniated  portion  of  th  light  beam  and  serves  as  a 
means  of  controlling  the  hininance  level  of  the  sine-wave  test  target 
grating.  The  target  beam  in  turn  passes  through  a beam  splitter  and 
projected  onto  a screen.  A lens  (L~)  positioned  after  the  beam  splitter 
is  used  in  the  optical  path  and  serves  to  focus  the  target  on  to  the 
screen.  A second  stop  (S.?)  is  placed  between  L^  and  the  screen  mid 
serves  to  control  the  si ad  of  the  target  on  the  screen  and  to  minimise 
the  unwanted  images.  The  duration  of  presentation  of  the  test  target 
is  controlled  by  means  of  an  electromagnetic  shutter.  For  our  experi-^ 
merits,  a field  size  subtending  15°  was  chosen.  A field  subtending  II) 
and  centrally  fixated  yields  dark  adaptation  curves  ccnparable  to 
those  obtained  with  the  test  target  presented  to  the  peripheral  retina 
(sav  15°  nasally).  The  optical  system  for  adjusting  the  lunirutnce  of 
the  projected  grating  is  controlled  by  the  counter-balanced  neutral 
density  wedge  W, . The  two  beams  (the  test  target  and  the  veiling 
background)  a re "brought  together  at  the  beam  splitter.  The  spatial 
frequency  of  (fie  grating  is  regulated  by  adjusting  the  magnification 
bv  L..  Bv  adjusting  the  luninances  of  the  veiling  source  and  the 
sine-wave  grating  in  count er-p*iase  the  contras'  of  the  grating  can  be 
elianged  while  the  mean  1 uni  nance  is  held  cons  taint  at  the  screen.  To 
assure  that  the  mean  luninance  of  the  target  is  bolding  constant,  photo- 
metric measuremnits  are  taken  using  the  Spectra-Pritchard  photometer 
(Mode  1 198QA-PL)  each  time  the  contrast  of  the  test  target  is  changed. 
Ihe  duration  of  presentation  of  the  test  target  is  controlled  by  a 
Grass  //88  dual  pulse  generator.  One  output  of  the  dual  generator  is 
used  to  activate  the  shutter  and  thus  allowing  the  test  target  to  be 
presented  to  the  subject,  while  the  second  output  is  used  to  trigger  the 
electronic  t imer  and  thus  nvirking  the  onset  of  the  target.  When  the 
subject  perceives  the  test  pattern,  his  task  is  to  press  a micro-switch 
which  allows  an  electrical  pulse  to  stop  the  electronic  timer  and  thus 
register  the  time  it  took  the  subject  to  see  the  test  target.  The 
time  then  is  recorded  by  the  experimenter  and  the  timer  is  reset  for 
the  next  presentation. 

Hie  optical  system  for  the  pre-adaptation  source  is  illustrated 
in  figure  2.  The  light  source  is  a tungsten  Limp  CL  500c zx  of  a slide 
projector.  Light  from  the  source  is  passed  through  a combination  of 
Coming  color  glass  filters  (Coming  //  3-70  and  4-96)  simulating  the 
chromaticity  output  of  an  image  intensifier  (AN/PVS-5).  ITie  light  beam 
in  turn  is  projected  onto  a screen.  This  system  is  capable  of  providing 
a luniruince  level  up  to  10  ftL.  The  subject ' s chin  is  supported  by  an 
adjustable  chin  rest  one  meter  away  from  the  screen.  The  subject  views 
the  pre-adapting  field  through  two  2.20  cm  Dx  3.02  cm  L tubes  placed 
directly  in  front  of  the  subjects  eyes . This  system  then  simulates 
the  size  of  the  viewing  field  of  the  image  intensifier  (AN/PVS-5) 
eg.,  40°  f ield-of-view.  A comparison  of  the  spectral  power  distri- 
bution of  the  combination  of  the  Coming  co  1 or  filters  (obtained  by 


a Curry  14  spectrophotometer)  and  the  spectral  power  distribution  of 
the  AN/FVS-5  image  intensifier  (obtained  by  the  U.S.  Army  Night  Vision 
Lai toratory)  are  shown  in  figure  3.  These  curves  represents  our  best 
effort  after  an  exhaustive  attempt  of  different  combinations  of  filters. 

As  can  be  seen  in  figure  3,  there  is  a good  agreement  in  the  two  curves 
with  the  exception  at  the  short-end  of  the  spectrum,  e.g. . at  the  440-480nm. 

B)  Subjects 

Five  young  adults  (ranging  in  age  19-25  years)  have  agreed  to 
participate  in  the  experiments.  All  subjects  have  gone  through  a 
conplete  ophtha  bio  logical  examination  including  Goldmann  visual  fields 
and  Goldmann-Weekers  dark  adaptation  curves.  All  subjects  shew  a mini- 
mum visual  acuity  of  20/20  and  normal  dirk  adaptation  curves.  All  sub- 
jects are  current ly  undergoing  the  pilot  studies  phase  of  the  experi- 
ments in  order  to  determine  the  optimum  values  for  the  fixed  parameters 
of  the  experiment s e.g.,  (1)  mean  target  luminance  (2)  target  exposure 
time  (3)  duration  of  the  interval  between  exposures  and  (4)  range  and 
spacing  of  contrast  values  to  be  used. 

C)  Experimental  Procedure 

The  procedure  each  subject  goes  through  is  as  follows:  the  subject 
is  first  seated  in  front  of  the  screen  (1  meter  away)  arid  (1)  is  allowed 
to  view  the  pre-adaptation  field  as  shown  in  figure  3 for  a duration  of 
5 minutes.  This  duration  is  found  sufficient  to  fully  light -adapt  the 
eye  to  the  luminance  and  chromatieity  output  range  of  an  image  intensi- 
fier (AN/PVS-5).  Since  the  luminance  output  of  an  image  intensifier  is 
variable  f run  .10  to  10ft L,  vie  liave  chosen  three  pre-adapting  levels  at 
0.1,  4,  and  9ftL,  within  this  range,  (2)  a set  contrast  value  target 
(spatial  frequency  1 to  10  eye les /degree)  is  presented  to  the  subject 
inmediately  after  the  termination  of  the  pre-adaptation  field,  and  con- 
currently the  electronic  time  is  triggered.  Ihe  subject's  task  is  to 
press  a micro-switch  when  the  pattern  is  first  seen,  ihe  subject  views 
the  target  with  free  fixation.  When  the  subject  sees  the  pattern  the 
session  is  terminated  and  the  post  adaptation  time  is  recorded,  (3)  the 
next  lower  contrast  is  set  in  and  Step  (2)  is  repeated.  Hie  procedure 
continues  unt i 1 adaptation  tint1  is  recorded  for  5 contrast  values.  (4) 
Following  the  recording  of  the  5 different  contrast  values,  the  pioce- 
duire  is  repeated  for  the  5 different  spatial  frequencies  from  0.1  to  10 
eye les /degree) . 'Ihe  different  spatial  frequency  targets  are  presented 
randomly,  while  the  grating  orientation  is  always  vertical,  (5)  the  ex- 
periment; l procedure  is  then  repeated  for  the  following  three  viewing 
conditions:  (a)  free  fixation  with  target  projected  onto  a screen  one 

meter  .iwav,  (h)  free  fixation  with  target  6 meters  away  and  (c)  with 
fixation  at  15°  temporal  to  the  target  at  6 meters  away. 

WORK  AlXiWFLISHKD 

IXiring  the  period  of  this  contract  we  have  accuvplished  the  follow- 
ing tasks:  (l)  all  of  the  equipment  neeuied  to  carry  out  the  major  portion 
of  the  research  lets  been  acquired.  Some  unant icipated  delays  have  been 
encountered  in  the  procurement  of  (a)  the  needed  sine-wave  gratings  on 
pivot ographic  film  (w)  the  necessary  combination  of  color  filters  for  tlve 
simulation  of  the  chromatieity  output  of  the  AN/1VS-5  Image  intensifier 
and  (c)  tlve  mxiification  of  the  slide  projector  to  achieve  uniform  light. 
These  problems  t hough  Ivave  been  overcome  and  tlve  experimental  apparatus 
is  thus  functional.  Ouir  experience  with  the  present  experimental  design 
and  through  personal  conmunicat  iixv  with  the  U.S.  Army  Night  Visi  i lal'o- 
ratory  at  Fort  Ruckers  indicated  that  a more  precise  way  of  presenting 
the  sine-waye  targ.ets  is  through  electronically-generating  it  itv  a CRT. 
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Toward  that  end,  this  author  has  through  Research  funds  other  than  U.S. 
anny  purchased  most  of  the  necessary  equipment  needed  for  that  purpose: 
these  include  a Conrac  model  6000  high  resolution  monitor,  a Visual 
Information  Institute  sync  generator  and  pedestal  generator.  We  feel 
that  we  can  carry  out  the  pilot  experiments  and  the  training  sessions 
with  the  present  experimental  design  as  illustrated  in  figures  1,  2 
and  3,  and  carry-out  the  main  experiments  of  the  proposed  research  with 
the  addition  of  the  above  electronic  equipment.  Our  enphasis  is  on 
acuracy  of  obtaining  data.  After  an  enormous  effort  in  maintaining 
identical  experimental  conditions  from  subject  to  subject  or  even 
fran  one  set  of  contrast  to  the  next,  the  decision  to  go  to  an  elec- 
tronic system  was  made.  The  difficulty  lies  on  the  manipulation  of 
sine-wave  gratings  on  photographic  film  especially  when  one  relies 
on  magnification  for  obtaining  the  appropriate  frequencies  for  the 
test  target,  plus  the  fact  that  we  wei'e  unable  to  purchase  values  other 
than  30%  mid  65%  undulation  sine-wave  target  patterns  on  photographic 
film.  (2)  All  of  the  preliminary  experiments  for  this  research  have 
been  completed:  a)  our  pilot  studies  indicate  that  a pre-adaptation 
of  5 minute  duration  to  the  chrauaticity  and  luminance  range  (up  to 
lOftL,  within  the  range  of  the  image  intensifier  AN/PVS-5)  is  suffi- 
cient for  our  experiments.  This  duration  of  exposure  to  the  simulated 
adaptation  source  results  in  the  longest  post-adaptation  time  to  reach 
full  dark  adaptation  level  as  determined  using  the  Goldnarui-Weekers 
threshold  measurements,  (b)  'Hie  mean  target  luminance  levels  were 
determined  as  1.2  x 10-'1 * * 4 5  ftL,  6 x 10~^  ftL  and  2.5  x 10"  J ftL.  These 
values  were  chosen  for  carparison  purposes  with  data  obtained  by  U.S. 
Army  Aeromedical  Research  Lab.  (c)  The  spatial  frequency  values  to  be 
used  in  these  experiments  are  .38,  .54,  .77,  1.3,  3.8,  5.45,  7.52  and 
10.20  cycles /degree. 

In  s urinary  then,  the  experimental  conditions  we  plan  to  use  in 
the  main  experiments  for  the  determination  of  VMTF’s  are  as  follows: 


Viewing  Distances: 

Pre-adaptation: 

Size  of  test  pattern: 
Pupil: 

Accomodat ion : 

Kind  of  test  pattern: 
Frequency  Range : 

Umi nance  Range: 

Met  hod: 

Orientation  of  Pattern: 
Present  at:  ion  t ime : 
Fixation: 

Pre -adaptation  time: 
Ambient  illuninance: 


1 meter,  6 meters,  1 meter  with  15° 
tenporal  fixation 

5 minutes,  at  . 5ftL,4ft.L,10ftL  simulated 
AN/PVS-5  output  luminance  and  chromaticity 
15° 

Natural 

Natural 

Sine-wave  pattern,  electronically  generated 

. 38  - 10  cycles/ degree 

!0~/4ftL  to  10‘JftL 

Threshold  measurement 

Vertical 

Unlimited 

Free  (1  meter  and  6 meter  viewing  conditions 
only) 

5 minutes 

1 red  simulating  aircraft  cockpit  illumina- 
tion, one  white  at  near. 
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DISCUSSION 


The  major  user  of  optical  image  intensif iers , such  as  the  AN/PVS-5, 
lias  been  the  military.  These  intensif iers  extend  the  limits  of  visual 
function  far  below  the  normal  human  scotopic  ahsolute  threshold.  These 
devices  have  denonstrated  improved  performance  and  reliability  under 
combat  conditions  in  night  flying.  That  is,  observation  of  processes 
that  must  be  conducted  at  extremely  low  light  levels  is  now  possible 
with  the  oncoming  of  optical  image  intensifies.  As  the  availability 
of  new  and  improved  performance  devices  increases,  new  applications, 
military,  as  well  as  industrial  increases.  Although  these  devices  are 
extremely  valuable  in  "total-darkness"  operations,  they  are  not  iimune 
to  failure.  Failure  of  these  devices  is  sudden  and  with  no  prior  warning. 

In  the  event  of  optical  image  intensif ier  failure,  the  operator's 
visual  capabilities  are  impaired.  This  is  because  with  the  device  in 
place,  his  visual  system  is  light-adapted  to  a level  of  luminance 
compatible  to  that  of  the  output  of  the  particular  optical  image  intensi- 
fier.  The  higher  the  performance  of  the  device,  the  higher  the  degree 
of  impairment  would  be  in  the  event  of  failure.  The  nature  and  extent 
of  visual  impaiment  nust  be  known  in  order  to  evaluate  which  functions 
the  operator  can  perform  under  these  conditions. 

This  research  proposal  suggests  experiments  that  can  be  executed 
under  controlled  experimental  conditions  and  could  provide  information 
as  to  the  extent  and  degree  of  visual  performance  loss  of  the  operator 
in  the  event  of  AN/PVS-5,  as  well  as  other  optical  image  intensif iers , 
fail. 
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